The aim was to evaluate the effect of the tilted optic disc on the visual field in highly myopic eyes. Methods: A total of 58 eyes from 58 highly myopic individuals underwent detailed ophthalmic examination and were categorised into two groups according to the presence of a tilted optic disc. The visual field of 20 eyes (mean age of 28.95 AE 7.22 years) with tilted optic discs were compared with 38 eyes (mean age of 27.87 AE 6.08 years) of control subjects without tilted optic discs using the 30-2 SITA standard protocol with a Humphrey Field Analyzer -HFA II-i. Optic disc tilt was assessed from retinal photographs exported to Adobe Photoshop software. Disc ovality was assessed using the ratio of minimum to maximum disc diameter. A ratio of up to 0.80 was considered a tilted optic disc. Results: Foveal threshold sensitivity showed no statistically significant difference between tilted and non-tilted groups (35.16 AE 2.71 dB versus 35.37 AE 2.35 dB, p = 0.76). The mean deviation was −3.29 AE 2.03 dB in the tilted group and −3.49 AE 2.56 dB in the nontilted group (p = 0.77). Additionally, there were no significant differences in the average deviation between the two groups in four quadrants and four hemifields; however, the lowest average deviation was observed in the superotemporal quadrant in the tilted group (−4.54 AE 3.16 dB). In the non-tilted group, 29 per cent had no visual field defect, 24 per cent had an arcuate scotoma and 20 per cent had generalised depression. In the tilted group, 30 per cent had an arcuate scotoma, 30 per cent had generalised depression and 13 per cent had no visual field defect. Other visual field defects occurred at frequencies less than 15 per cent in both groups. Conclusions: The investigation of visual field patterns may be more appropriate than quantitative indices (for example, total mean deviation, foveal threshold sensitivity, average deviation) to assess the visual field in highly myopic patients with tilted optic discs.
Myopia is a major ocular concern internationally, especially in East Asian populations. [1] [2] [3] Mechanical stretching and distortion of optic nerve fibres and the retina due to an increased axial length may cause irreversible degenerative damage and lead to visual impairment in highly myopic eyes. 4, 5 Myopia-related blindness and visual impairment have considerable socioeconomic consequences 6 and high myopia is a primary cause of legal blindness in developed countries. 3 In tilted optic disc, the optic nerve head enters the globe at an oblique angle while the optic disc is rotated along its vertical axis. 7, 8 Tilted optic disc can be aetiologically classified into two categories: congenital and non-congenital forms. The noncongenital form often occurs due to acquired changes related to axial myopia, known as myopic tilted disc and is often progressive. 9 Previous studies have shown a strong association between tilted optic disc and high myopia. 1, 10 The prevalence of a tilted optic disc has been shown to be as high as 37 per cent in myopic populations. 11 High myopia has been associated with some forms of visual field defects. 6 According to Qiu and colleagues, 12 the pathophysiological mechanism in axial myopia that affects the visual field is still unknown. On the other hand, the presence of a tilted optic disc is also an important factor that may lead to significant visual field defects, 10, 13 which may be confused with glaucomatous visual field loss. 14 As most myopic tilted discs are associated with peripapillary atrophy, this may further compound the difficulty in diagnosing glaucoma in myopic individuals. 15 Visual field defects associated with tilted disc usually manifest in the superior temporal quadrant, without respecting the vertical or horizontal midlines, 7, 14 in contrast to visual field defects due to advanced glaucoma, which often start with a nasal step, with temporal defects appearing in the later disease stages and typically respect the horizontal midline. Moreover, visual field loss due to chiasmal lesions typically respect the vertical meridian. 7 Myopic tilted disc with or without associated visual field defects can complicate differential diagnosis of potentially lifeand/or sight-threatening conditions such as glaucoma, chiasmal lesions, intracranial space-occupying lesions and papilloedema. the visual field of highly myopic eyes with and without tilted optic disc.
METHODS

Study population
A total of 60 eyes of 60 highly myopic patients (defined as a mean spherical equivalent of 6.00 D or greater and axial length equal or more than 26.00 mm) was recruited and divided into two groups according to the presence of a tilted optic disc.
Informed consent was obtained from each participant after explanation of the nature and possible consequences of the study. The experiment followed the tenets of the Declaration of Helsinki and was approved by the Research Ethics Committee of Mashhad University of Medical Sciences.
Visual acuity assessment, subjective refraction, fundus examination, Goldmann applanation tonometry, slitlamp biomicroscopy and biometric measurements were performed for each participant. Inclusion criteria were mean spherical equivalent of −6.00 D or greater, axial length 26 mm or greater measured by LenStar LS 900 (Haag-Streit AG, Koeniz, Switzerland) and visual acuity of 6/7.5 or better. Participants with a history of ocular surgery, ocular or systemic disease that could have affected the retina and consequently the visual field and those with an intraocular pressure more than 21 mmHg were excluded from the study population.
Assessment of the tilted optic disc
A digital retinal photograph of the right eye centred on the optic disc and macula was taken using a digital fundus camera (TRC-50DX Topcon, Tokyo, Japan) following dilation with one per cent tropicamide. Optic disc tilt was determined from the retinal photographs exported to Adobe Photoshop CS6. First, each photograph was opened in the software with magnification of 50 per cent. The maximum and minimum disc diameters were marked by a single observer who was masked to the patients' clinical information.
Optic disc tilt was calculated as the ratio of minimum to maximum disc diameter. Similar to the method employed in previous studies, the measurements were made from the disc margins defined as the inner border of the peripapillary scleral rings. 16 Consistent with previous studies, a tilted optic disc was defined as an optic disc with an ovality index of 0.80 or less. 1, 17 Disc torsion was defined as the angle between the long axis of the optic disc and the vertical midline exceeding 15 degrees. 18 Visual field examination After routine refractive examination and before pupil dilation, the central visual field of the right eye was assessed using the 30-2 SITA standard (Swedish Interactive Threshold Algorithm standard protocol, Humphrey Field Analyzer, Carl Zeiss Meditec Inc, Dublin, California, USA). This test evaluated 76 points within the central 30 degrees using a size III white stimulus. CR39 rimless spectacle lenses were worn during the perimetric examination, while the other eye was occluded with an eye patch. In addition, the appropriate near spectacle correction, based on the age and working distance, was used. All perimetric procedures were managed by the same examiner and a brief demonstration was performed initially to familiarise the patients with the procedure. If fixation losses, false negatives or false positives exceeded 20 per cent and a repeat visual field test could not improve the reliability indices, the subject was considered unreliable and excluded from the study population.
The following parameters were compared between two groups: foveal threshold sensitivity, mean deviation (MD) and pattern standard deviation (PSD). The average threshold sensitivity and average deviation based on the total deviation plot in four quadrants and four hemifields were also calculated.
Visual field defect patterns of all participants were investigated by a glaucoma specialist and classified based on patterns mimicking glaucomatous visual field defects as follows: arcuate scotoma, double arcuate scotoma, nasal step, temporal wedge, paracentral scotoma and generalised depression. 'No defect' was defined as the presence of less than three non-edge adjacent points with p value less than five per cent on the pattern deviation plot in central 30 degrees of visual field. 'Generalised depression' describes the condition in which points near fixation and at various contiguous locations throughout the field were depressed.
Statistical analysis
All statistical analyses were performed using SPSS software version 11.5 (SPSS Inc, Chicago, Illinois, USA). The association between disc tilt and torsion was examined using the Pearson correlation coefficient. An unpaired Student's t-test and repeated measures analysis of variance (with Bonferroni correction) were used to detect differences in visual field parameters between groups. The level of significance was set at 0.05. The normality of quantitative variables was checked using the KolmogorovSmirnov test. The sample size was determined with MedCalc Statistical Software (MedCalc Software, Mariakerke, Belgium) using the data from a previous similar study. 13 
RESULTS
Of the 60 individuals who participated, two were excluded due to unreliable perimetric indices. Twenty eyes of 20 patients (12 female) with a mean and standard deviation age of 28.95 AE 7.22 years were included in the tilted optic disc group and 38 eyes of 38 patients (22 female) with a mean age of 27.87 AE 6.08 years were included in the non-tilted group. There was no statistically significant difference in the distribution of age or gender between the two groups.
The mean spherical equivalent was −8.79 AE 1.62 D (range: −6.25 to −12.50 D) and −7.85 AE 1.24 D (range: −6.25 to −12.25 D) in tilted and non-tilted disc groups, respectively (p = 0.02). Axial length was 26.88 AE 0.89 mm (range: 26.00 to 29.80 mm) and 26.61 AE 0.51 mm (range: 26.00 to 28.06 mm) in tilted and non-tilted groups, respectively (p = 0.14).
The correlation between the ovality index and the torsion of the optic disc was 85 per cent in the tilted group and 31 per cent in the non-tilted group (both p < 0.001).
Foveal threshold sensitivity was not significantly different between two groups (35.16 AE 2.71 dB in the tilted versus 35.37 AE 2.35 dB in the non-tilted group, p = 0.76). Quantitative analysis of the visual field revealed that the MD was −3.29 AE 2.03 dB in the tilted group and −3.49 AE 2.56 dB in the non-tilted group (p = 0.77). No significant difference was noted for PSD between the two groups: 2.34 AE 1.20 dB in Visual function in myopic tilted disc Shoeibi, Moghadas Sharif, Daneshvar and Ehsaei the tilted group and 2.97 AE 1.93 dB in the non-tilted group (p = 0.19).
Average deviations calculated manually for four quadrants and four hemifields in both groups are summarised in Table 1 .
There was no significant difference in the average deviation between the two groups in four quadrants and four hemifields; however, the worst average deviation was observed in the superotemporal quadrant in the tilted group (−4.54 AE 3.16 dB).
The MDs of the superior and temporal hemifields were significantly higher than those of inferior and nasal hemifields (p < 0.001 and p = 0.008, respectively) in the tilted optic disc group. In the non-tilted group only the MD in the superior hemifield was significantly higher than the inferior hemifield (p = 0.01) and there was no significant difference between temporal and nasal hemifields (p = 0.37).
Evaluation of threshold sensitivity in four quadrants and four hemifields in the central 30 degrees is shown in Table 2 .
There was no significant difference in the threshold sensitivity between the two groups in four quadrants and four hemifields; however, the lowest threshold sensitivity was observed in the superotemporal quadrant in the tilted group (25.74 AE 3.17 dB). Figure 1 shows the distribution of visual field patterns in highly myopic eyes in the tilted and non-tilted optic disc groups. In the non-tilted group, 29 per cent had no visual field defect, 24 per cent had an arcuate scotoma and 20 per cent had a generalised depression. In the tilted group, 30 per cent had an arcuate scotoma, 30 per cent had a generalised depression and 13 per cent had no visual field defect. Other visual field defects occurred at frequencies of less than 15 per cent in both groups; however, no significant differences were observed in the proportion of visual field patterns between the tilted and non-tilted groups.
DISCUSSION
The present study showed no differences in perimetric indices in highly myopic patients with and without tilted discs. The MD, PSD and foveal threshold sensitivity in addition to the average deviation and average threshold sensitivity in all measured areas showed no statistically significant differences between the two groups. Previous studies 19, 20 have reported a correlation between decreasing retinal sensitivity and increasing axial length, potentially due to structural changes in the retina, including the distortion of the photoreceptors. Therefore, an abnormal MD could be a consequence of high myopia in both groups.
Progressive axial elongation in high myopia may also cause visual field defects due to strain on the optic nerve head. Tilted optic disc is a frequent finding in high myopia and could progress; hence, any accompanying visual field defect could be a major differential diagnosis to other progressive ocular pathology, including but not limited to glaucoma. In the present study, no statistically significant differences were found in average deviation in measured quadrants and hemifields between the two groups; however, the worst average deviation was observed in the superotemporal quadrant in both groups. These findings are in agreement with the findings of several previous studies. 13, 21 Several studies 5, 14, 22 have described visual field defects in tilted optic disc; however, most of them employed kinetic, manual perimetry. Automated perimetry provides better quantification of visual field loss 13 and gives more accurate details than kinetic perimetry. Only Gurlu, Alimgil and Benian 13 have reported quantitative parameters (for example, total MD and average deviations in several areas) using an automated perimeter for tilted optic discs. Gurlu, Alimgil and Benian 13 found that the average deviations were significantly higher in the tilted disc group than in the control group in all topographical areas, which is in contrast with our study. This difference may be explained by the wide range of refractive errors included in their study population, while our sample was restricted to high myopia.
It has been shown that high myopia may affect the visual field.
23 Therefore, the lack of a difference in MD values between tilted and non-tilted groups in our study may be explained by the confounding effect of myopia-related visual field defects. Another explanation for this difference could be related to different techniques employed in two studies (Gurlu, Alimgil and Benian 13 used an Octopus 500 EZ automated perimeter).
Using Humphery automated perimetry (program 24-2), Tay and colleagues 1 reported that the tilt ratio is not associated with the MD; however, they reported a reduced sensitivity in the tilted disc group, which could be a consequence of structural changes in tilted optic disc and axial elongation associated with myopia.
In the present study, although the difference did not reach statistical significance, the superotemporal quadrant showed the worst average deviation compared with other quadrants in agreement with the results from previous studies. 10, 13, 21 Gurlu, Alimgil and Benian 13 and Brazitikos and colleagues 21 evaluated visual field defects in tilted groups. Both studies found an increase in MD in all quadrants with a more pronounced visual field defect in the superotemporal area. Brazitikos and colleagues 21 declared that increased MDs were followed by fewer axons in the whole retina, especially in some sectors. Therefore, they considered the tilted disc as a diffuse hypoplastic optic nerve with more diminution in the superotemporal quadrant due to the tilt direction. Vongphanit and colleagues 10 also reported superotemporal and superior quadrants as the visual field regions most frequently affected. In the non-tilted group, no visual field defect, arcuate scotoma and generalised depression were the most common defects. In contrast, in the tilted disc group, arcuate scotoma and generalised depression were the most frequent patterns. Elongation of the globe in axial myopia may cause some changes in the structure of the eye that could be an explanation for the retinal sensitivity reduction and some mild visual field defects; however, when tilted optic disc accompanies high axial myopia, tension on optic nerve fibres in some areas of the retina, depending on the direction of optic disc tilt, could change the axonal flow and damage the nerve fibres. This could be a plausible explanation for greater frequency of visual field defects in the tilted optic disc group compared to the non-tilted group, in agreement with previous studies. 1, 5 Tay and colleagues 1 expressed that a greater magnitude of tilted optic disc is associated with increasing myopia and results in reduced visual field sensitivity. Moreover, Ohno-Matsui and colleagues 5 explained that the distortion of nerve fibres in highly myopic patients and the effect of optic disc tilt on protrusion of the nasal edge may cause a visual field defect.
One of the shortcomings in this study was the dependence of the visual field results on patients' co-operation, which may affect the findings. The relatively small sample of the tilted group may also contribute to the non-significant results between two groups regarding perimetric indices.
As both high myopia and tilted optic discs are considered as main reasons for visual field defects, average deviation could be affected by both of them. Although average deviations in different areas were abnormal in myopic patients with both tilted disc and non-tilted disc groups, the differences were not statistically significant; however, different qualitative patterns of visual field defects were observed between the two groups.
It should be noted that in the present study, the visual field examination was performed once for each individual. As the SITA standard 30-2 strategy has a long test duration, repeating the test was not feasible in many cases; indeed, fatigue effect was obvious on same-day re-test. Moreover, there was a low return rate for the majority of individuals. In future studies, it would be recommended to familiarise the patient with automated perimetric procedures at least once before the day of the experiment. Another shortcoming of the present study was that the visual field was assessed only in tilted and non-tilted highly myopic individuals. In future studies, it would be recommended to include a group of emmetropic eyes to eliminate the confounding effect of refractive error on visual field results in eyes with tilted discs.
In conclusion, as visual field measurement is not a routine examination in optometric clinics, we would suggest a complete eye examination including visual field assessment for all highly myopic patients, especially those with tilted discs. In followup visits, in cases with obvious alternation in visual field defects, performing additional structural tests like optical coherence tomography for more accurate examination is recommended. Figure 1 . Classification of visual field defect patterns in highly myopic eyes with tilted and non-tilted optic discs
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